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graphics hardware which will provide 

rcallimc CRT displays o(compuler 
dala when coupled wirh [he above 

ESCORT III systems. 
Construction of (wa new 

aeropropulsion facilities. one for 
turbincs and one for compressors. 
aimed at providing (echnology 
advances in small turbine engines was 
initiated in ERB. An extensive leu 
program (or combustors and lurbine 
vanes (or HOST was complelt'd in 
HPF. 

A contract for the rehab of the Icing 

Research Tunnel (IRn was awarded. 
This 53.6 million C o( F project 

(which includes ncw drive molars, a 
new icing spray system. computer 
conuol and a ncw comrol room) will 

provide increased versatility and 

productivity for lhis heavily u."ed 
facility. 

Acoustic and aeroelaslic tests of an 
ad\'anced propeller model were 
completed in the 8.\6 lunnel. 
Openuion of (he VLF power 
absorplion system was successfully 
demonslrated during leSlS of the 
CEST convertible engine over its (ull 
power range. One o( NASA's research 
aircraft. thc DHC-6 Twin Oller. which 
has completed three successful icing 

se8sons. was utilized to evaluBle an 
electromagnetic impulse dc-icc sYltem. 

Altitude Wind Tunnel 
Project 

This past year, there was a large 

increase in the level of dfort expended 
towards the moderntzation of the 

prescntly unused Alliludc Wind 
Tunnel. This modification is a major 
C of F aClivily thai has been proposed 

by NASA as an FY '86 new slarl. The 
(acility will provide aerodynamic, icing 
and acoustic testing capability in a 20 
(oot octagonal test section at true 
pressure and temperature conditions 
up to :55.000 (ect altitude snd up to 
ncar Mach 1 speeds. An extensive 

study made by Sverdrup Technology, 
Inc. showed thai no insurmounlable 

problems l:X;st and that a highly

productive and efficient facility can be 
made operational by (h~ early 1990·s. 

To verify aerodynamic performance 

expected. an cxtensive analYlical and 
e~pcrimental modeling activity was 

OIlso initiated. All significant individu.. l 

components, integrated groups of 
components and the complete roop 
will be experimentally evaluafed. 
Tesling o( the fITs I models of the 
corner-turning vanes has been slaned. 
Supporting tests for aerodynamic. 
acoustic and icing datB h::.ve been 
made in .he g,6, lOx 10 and IRT 
tunnels. 

Aerospace Technology Directorate
 

The work of the new Aerospace 

Tcchnology Directorate embraces 
research and technology devdopmt:"nt 
in space power. space propulsion and 
in malerials and structures for the 
space disciplines and for 

aeropropulsion. It is the focal poinl 
for the Center's growing program in 
microgravily sciencG and space flighl 
experiments to suppOrt our lechnology 
and space utlliz.alion objeclives. 

We arc also conlinuing management 

responsibility for tcrrc:suial energy 
programs. ThOll our :"ta(fen; 
maintalnr:d a high level of produclivity 
in 1984 is: 1I1lested 10 by the 
accomplishments summarized betaw. 
As 8 Direclorate. we look forward to 
fruilful challenges in the year ahead. 

Materials Division 
Rapid solidifieation re"earch has 

pcoduccd intcrmclalhcs with room 
tempcrature ductility. The.~c 

compounds. wi!h 3000° F mclling 
points and density 25% less (han super 

alloys. arc normally briHle 81 room 
temperature. This new development 
makes possible the use of lhis class of 
lighlweight materials for advanced 
power! propulsion systems. Controlled 
quenching of model supt."Jalloy single 
crystals produced very (ine partIcles o( 

the strenglhening phase and improved 
creep behavior up 10 10 limes o\'er 
con\'entionally trealed material. 

A heater-head anoy wc iden!i!icd 
for the Slirling engine has high 

sirength. good oxidation resistance. 
low crilical element and has bc~n 

selected (or the upgradcd MOD-l 
engine. A wet grinding lind 

consolidation process was developed 
(or ceramic powders which 
significanlly reduced the critical Oaw 

size and popula!ion in silicon carbide 
thus yielding a 60% improvement in 
test bar strength. 

PMR·IS. the Lewis-developed 
polyimide malrix resin. is now nying 
on the F·18 Navy Hornel t:nginc in a 
cOmposile ouler ducl. Thi) resin has 
600°F use potential. A differenl 
polyimidc .....as formulalcd lhal offers 
low wear rates: but very high (riction 

coefficients under ambienl conditions. 
Potential exists for applying SUCh a 
malerial in dnve mechanisms for 
Spoce Station adjustable structures. 
The Divi~ion initiated the 
establishment of a Microgravily 
Malerials Scienc!:: Laboratory in the 
Mafcrials Processing Laboratory. 
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Slructures Division 
A fully operational com pUler 

conlrol and data acquisition system 
WIU installed in the Faligue and High· 
TemperalUre Siructures laboralory. 
This is perhaps the world's mO$l 
advanced laboratory for conducting 
high·temperature experiment:" on the 

deformation and crack initial ion 
eharllctcrlslics o( advanced materials. 

Two members of the Strue!ural 
Dynamics Branch received IR 100 
awards (or a pholo-optical blade 
di,:"placcmtnt measuring system and 
for a unique rolor dynamics computer 
code. AeroclBstic nUIl~r boundary 
analyses which include the ef(ccls of 
sweep on fan and wrboprop blading 
were dnelapcd for the first lime and 
demons[rated 10 be effective. 
Turboprop blade·lo-blade mistuning 
was ~hown to be effective in 
minimi7.ing the pOlenlial for OUI(c;r. 

In structural analysis. codes were 

developed for structurally tailoring 
and op1imi1.ing advanced propeller 
blades (STAT) and for studying the 

hygrallhcrmo-mechanical propcrlic:.~ 

of angle-plied comp0lroilc structures 
(ICAN). 

The HOST Project held its .hird 
Annuml Workshop with an altendance 

of about JOO. HOST technology i, 
already makins, its way iOiO induslTial 
design lIy~tems. 

An advanced multi-megawatt wind 
turbine, the MOD·5B. is bcing buill. It 
h<JS 03]0 foot rOfor blade and uses 
blade lip control sections to maintain 
constant speed. Rated at 3200 kW. it 
will be operaled by Hawaiian Electric 
Industries. lewis researchns scored a 

significant "first" when they operated 
[he MOD~ wind turbine at Plum 
Brook Wilh aileron control surfaces on 

the blades. These landmark tests 
proved the feasibility of aileron 
controls for future wind turbines. 

Space PropUlsion 
Technology Division 

This )'car we continued 10 make 
progrcss in several major arcas. We 
parlicipated in the technology 
program (or improving lhe 

performance and durability of the 
Space Shunle Main Engine. 
PropUlsion syslems for orbit lran~(cr 

vehicles (OTV) arc being explored 
under contrecls with three engine 
manufaelUrers who have proposed 

such innovations as regeneralive 
cooling of thrusl chambers using 
liquid oxygen and lurbopumps 
rotating at 200.000 rpm (Iwice the 
currenl slale of the arl). An OTV 
Research Engine Program has been 
approved as a new start for FY '86. 

Work on resislojets will investigate 
their performance with the propellants 

expected to be available on The Spacc 
$18Iion. The resislojet is unique.: in that 
it is adaptable 10 many propellants. 

including biowaste. The year saw the 
successful conclusion of our work in 
one form of electromagnetic 

accelerators (lhe rail gun). 
The Centaur R L 10 engine 

conlractor ;s mak.ing progress in 
improving Ihe Rl 10 LO sarisfy 
propulsion requirements of space 
vehiclcs o( the late 1980·s. 

After gt:-lting settled in DEB. we 
expecl to push on in our Space 
Station propUlsion technology cfforls 

as well as in our long range objectives 
in primary and auxiliary spa.ce 
propulsion. Wor}; will be expanding 

wilh slorable propellanls for 
applicalions in primary propulsion for 
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The Learjol can be /lown to give 15 seconds 0/ mlcrogravily lor rhe liquid crans/ar oJtperiment. 
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Denecled lhru"'l l~sling of (he F·IOO engine wilh a twO
dimensional nozzle was com pic led in PSL. Force mea:.;urcmen(.... 
were made dUring fhru,\t vectoring and lhe carbon/carblln nozzlL
liner l,mperaIUri..ol\ were measured wilh IR camcra..-t. Design efforb 
w.:rc iniliall:xt for modifying PSL-1 for le~lin(! lhe ~a.st:ous hydrogen 
rue!l:'d air·turboramjel (ATR) engine al simulated hyper~onic 

condition.... 

Altitude Wind Tunnel Project Office 

Thll\ PdSI yeiJr. activllic ... cuncentralcd on phySICal and dynamic 
model1ng uf an AlrLludc Wind Tunncl (AWT) Jt:slgn which will 
provlJe aerodynamic. king and <Jciluslie lesting capabilily at lrue 
pressure and temperatun: cur.dilions up to 55.(XX) feCI altilUde and 
up h) near M<Jch I l\pecdl\. A one·tenfh-scale model of the high
... peed leg nf Ihc AWT wa~ compkled and operated up to a tc~t 

l\eclion Mal'h number of 0.916 with good nnw distribution and 
low turbulcnce level. 

An AWT acoustic choke configuration was testcd <Jnd found 10 
effl-clivel)' blrx:k noise propagation inlO the Ie 51 ~ection. Comput~r 

simularion:\ of the AWT clrcuil and major sub.syslcms con firm fhal 
de~ircd lunnel respon....c coulJ he achieved u:!ling sHlte-of-lhe-an 
('onlml hardware. 

Since NASA manag~n-tenl has decided not to proceed with the 
AWT Rehab In the near future. fhe physicial modeling effon:!l will The nln....loo/·dl.meter P~p-Fan developed by Haml/lon 
Ix: phased-oul and Ihe Projecc Office will be disbanded during FY Standard under. contract Irom Lewis Is now being tested 
1986. 0 ./ Wright-Patterson Air Force Base. 
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T he Aerospal.:l.: Technology OlreCrorJIC welcomed about 40 
more young l\Cll"nli ... ts anJ ~ng:incer... tn its ranb in 1985. 

bringIng: 10 ahoul 30 percl'n! fhe innux of new lalcnt in the la,"l 
lhrc<.: yc<.lr .... 

Tht: rerenl uddlllons arK1lhc more t:xpcrienLcd ,.. taffers have been 
iJ ....... igned inlo the "llallened" or~aniZali(1R ... imed "'I achieving it
 

pJnil'ipative dirwlle III encourage gre<Jlcr individual rcl\pon .... ibill. 
Iy lor meeting agrc~d-upon goall\. 

A few of our lTIdny al'complishments during thl' pa~! )'cJr arc 
JIl\... u.. ~C'd here. We huvC' it tHighl (Jullonk f(u 19R6 Ihul will cnn
linuc In challenge everyone of our petlple. 

Materials Division 

?ursuing a broad progrum in advanced malerial~ for acronaUlics 
and space propul~ion and power. lh~ M;]l~nals Division conlinues 
((l make signifieam contribulions. 

High temperature struclural ceramics offer pOlcnlial for new 
aerospace propulsIOn concepls. A new ceramic malrix composite 
of rcaction bonded $ilicon nitride reinforctXl with silicon carbidi.' 
fihcr.-; ha:o; been developed. This composile ha."l bOlh higher :!l1rC'nglh 
<:ind grcaler loughne~ Ihan conventional slruclUral ceramics JnJ 
so Oldy help acceleralc !he introduClion of reliable cenlm;cs into 
advanced gas lUrhln~ engine:;. Growing from the basic Material.~ 

research ellons. the opportunity to usc gravilY as a process variable 
can have imponant impact on malcrials tcchnologic.~ of the future, 

In "'UppliO or NASA's Office of Space Science and Appliealions 
pr\l~ram. Ihe Micr"gravily Malerial~ Science Laborurory "'<is open
cJ for businc~... Here inJu.... lry. univ~r:.HY. and govcrnmem re~lJr· 

cher .... will h<Jve e;l .... y acce-,,~ to :\rilce night-related hardwarc. Here 
abo. l\OUI"ld ground-ool\ed cx!X'riments and proces." model develop
ment can Ix' achieved before t:mbarking on eO,"lly night hardware 
4.·tm~lruclion and space nIghts. 

Ballelle MlZ'nHlrialln.'\tiwtc anJ il~ mdu."ltrial partners in a Center 
for Commercial Oev(,'lopmCnl of Space plan 10 be ke), u...ers of [hi:\ 
r.scilllY. Cooperalive eff(1I1s with Rockeldync have begun on high 
suliJifieiuion gradienl !J,ingle crY."llab and fibcr-reinforCl'd 
:\upcralloys for longer-life SSME hydrogen pump blades. 

In-hou~c developed fiber-reinforced (;"Opper composi!es for rocket 
nnzzks ollt.'ring .... ub$lanrial performance/life impmvemenls are be· 
ing IC~led in cooperalion wilh the Space Propulsion TechnOlogy 
Di\'i~lon. Such advanced composites were po.l\sible onl)' because 
of a new are·spray fabricalion prOCCJis developed lit Lewis-and 
since licensed by bOlh TRW and Wcstinghouse. 

An engineering model 01 the Solid Sur
I.ce Combustion E.per/ment com
pletely developed In-house here lor. 
Shullle 'tllghl scheduled lor M.rch 
1986. 

The Divi~lon's outpUl of new leehnology and 11:\ (UCUl> on rapid 
technolo.gy disseminalion are rellecled hy thc over I&0 papers Jnd 
:\even U.S. patent~ thai were proJuccd Ihil\ ycar. 

Finally. th~ Malcrials Divi ... ion paved lhe way (he only[I'" 

research organizalion in a national anJ NASA-widc pilol crfon 
wilh the Amt'ric3n Produclivity C~nlcr (0 dt:velop imprnveJ while 
collar producllvily and oulPUI quality. Wilh over :\0 pt'fl'cnl 01 Ih~ 

:\taff particip~l\ing, ImproveJ wuy .... of Join~ bu ... incss ilnd ml·g ...urc.... 
of output qualily were succc ..sfully Jevelopcd. 

Structures Di"hion 

The Structures Divi.~ion conduct:\ ."lru(.'lure ... rnearch in 
mechamcs. d)'namic~, life prediction and 3dvanccd technolngy for 
aerospac(,' prllpulsion and powl'r :\y~lellh. 

In mechanics. we huvc dcvdo~d two nt'w (.'omputcr I.:tlol!c ... for 
inelaslie amtly~is nfhigh temperature SlrUl'lUrl's. Th....:\e linitl' c-k
mcnt (MHOST) and bour.Jar)' elemenr (BEST) codn ..Ire providing 
gre:.JICf accuracy and reduced computer limcl\ for 111<Jny exulnplc ... 
111 cOlnpc:lri:"oOn!O an l'xi:\ling general purptll\c C'Odc currently in u~e 

10 industr)'. 
In d)'namio. Ihe ASTROP acrocla~lk- analy ... i;, code was 

devclO('l\:d and eXlensivcl)' validalt:J for lurboprop Lonfiguralionl\. 
Thi:\ code provides the mO:\1 reliable i\cr(~lal\tic analysi... In exislence 
IOday and ha... been widely reque"'led by (Irganiz<ltl0n .... r..lnglng from 
MIT 10 the Air Force, 

Structures technology was developed for NASA projecl,'" A cnm
pUler code (ICAN) was. develOped wilh an analysl:\ which conlain:\ 
all Ihe essential fealUr(S required to effeclivel)' Jesign sfruclUra! 
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